Jacyntha A. Sterling, PharmD p E valuating drug dosing to account for patient renal function is one of the primary review functions of a hospital pharmacist. Available estimates of renal function have known limitations, but laboratory and medical advances have improved the detection and classification of kidney disease. How do new, more accurate methods of classifying renal disease apply to the interpretation of drug dose recommendations derived by other, less accurate methods? The application of these new strategies to medication dose evaluation lacks clarity.
The Cockcroft-Gault estimation of creatinine clearance (CrCl) was introduced in 1976 and has been a standard consideration for drug dose evaluation in adult patients with renal impairment. Although it has been routinely used, this method has recognized limitations. For example, the standard modification to account for female gender in the Cockcroft-Gault equation is theoretical; the original study population did not include female patients. 1 The Modification of Diet in Renal Disease (MDRD) estimation of glomerular filtration rate (GFR) was introduced in 1999 and generally provides a more accurate assessment of renal function than traditional estimates in adult patients. 2 Because the MDRD equation was not available or generally accepted as a method for classifying kidney function during the development of most marketed drugs, clinicians may be unsure about how to apply estimated GFR to drug dose evaluation.
Both Cockcroft-Gault and MDRD estimates are based on studies in patients with stable renal function. In contrast, hospitalized patients often demonstrate dynamic renal function due to changing clinical status and comorbidities. National Kidney Disease Education Program (NKDEP) guidance on drug dosing recognizes this limitation and acknowledges that available estimates do not account for all factors that affect serum creatinine concentrations. Available estimates lack accuracy for patients with body size or muscle mass extremes. 1 Some clinicians using the Cockcroft-Gault equation round the low serum creatinine values in elderly patients to another value, such as 1 mg/dL, or utilize ideal body weight to overcome these limitations. However, these approaches are not evidence-based, and researchers have demonstrated that these modifications are less accurate. [2] [3] [4] [5] A standardized technique to calibrate serum creatinine assays introduced several years ago is now expected to be fully implemented nationally. Standardization minimizes variation of serum creatinine assay results between clinical laboratories and should lead to more consistent dosing for drugs eliminated renally. Changes to serum creatinine reference ranges would have been expected at most facilities upon implementation. Standardization has generally resulted in higher CrCl values as estimated by the Cockcroft-Gault equation. According to the NKDEP, because the original study samples are no longer available and the creatinine assay method used to derive the Cockcroft-Gault equation is no longer utilized, the equation cannot be re-expressed to the new standardized creatinine values. In contrast, standardized calibration of serum creatinine assays increases the accuracy of estimating GFR by the MDRD method. 1, 6 Current US Food and Drug Administration (FDA) guidance for the industry on pharmacokinetics published in 1998 acknowledges measured serum creatinine concentrations or estimated CrCl as recognized methods to classify kidney function for drug dosing. 7 Draft guidance posted for review in 2010 reflects the significant changes in the body of knowledge in classifying renal disease and incorporates MDRD as well as Cockcroft-Gault estimates of kidney function. 8 According to the NKDEP, clinicians should use either the MDRD equation or the Cockcroft-Gault equation to estimate kidney function for drug dosing.
Estimated GFR derived from the MDRD equation should be multiplied by body surface area in very large or very small patients. Clinicians should consider direct measures of GFR or CrCl in patients taking drugs with narrow therapeutic indices, in patients with different kidney function estimates according to MDRD and Cockcroft-Gault, or when creatinine-based estimates are likely to be inaccurate. The NKDEP states that GFR estimated by the MDRD equation is generally more accurate than directly measured CrCl. Exceptions include estimates in obese or severely malnourished patients, amputees, and paraplegics. Vegetarians or patients taking creatine supplements may also demonstrate abnormal creatinine production, reducing the accuracy of MDRD-estimated GFR. 1 In the fall of 2008, we conducted an informal telephone survey to ask pharmacists about renal dosing practices at the nation's best hospitals for kidney disorders as identified by US News & World Report 9 ; pharmacists from 33 of the 50 listed hospitals participated. At that time, nearly two-thirds of the pharmacists who responded to our questions stated that their facility had an established policy that addressed renal dosing procedures and more than three-fourths of all respondents reported that Cockcroft-Gault was utilized as their primary method for determining renal function. Nearly 80% of these hospital pharmacies were rounding serum creatinine values when interpreting information for elderly patients or patients with low muscle mass. Automatic renal dosing protocols were practiced in 60% of hospitals surveyed.
Advances in pharmaceutical care have placed increasing emphasis on pharmacist-managed protocols and collaborative care agreements. As a result, pharmacists may have the authority granted by medical staff committees to implement dose changes to medication orders without seeking approval from individual prescribers. Development of uniform criteria is important to promote consistent application of pharmacist-managed protocols for dosing medications in the presence of clinical judgment. Hospital pharmacies should address these considerations with their medical staff committees to implement evidence-based renal dosing strategies.
